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Preface

A Delta secondary payload is a payload sufficiently small in volume and mass
that it can be carried in space available between the Delta second stage and the
fairing without impact to a primary mission. This Delta Secondary Payload
Planner's Guide provides procedural and technical information to payload
projects proposing secondary payloads as NASA or NASA-sponsored missions.

Inquiries relative to this Guide should be directed to the
NASA/KSC ELV Launch Services

Mail Code: VB-B2

KSC, FL 32899

407-476-3622 or 407-853-5761

Fax: 407-853-4357

The Overview section of the Guide describes the process for acquiring a flight as
a secondary payload on Delta and the capabilities and restrictions for flight.
Also, the Overview notes those areas of the Guide which are of particular
relevance to secondary payloads. The Guide provides details of interface
requirements and integration procedures.
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Overview

The Delta Secondary Payload Planner's Guide is published by the
NASA/KSC/ELV Launch Services, to provide interface information for secondary
payload (SP) projects. Because itis intended to be a single-source reference,
pertinent sections of the Delta Il Commercial Payload Planners Guide (Reference
1) are included.

Procedures for Obtaining Approval to Launch

Under a Memorandum of Agreement between NASA and the USAF, civil
Government SPs may be launched on USAF missions, and NASA KSC Mission
Integration Manager will be the program interface for these payloads.

Projects proposing to launch SPs on NASA or USAF payload missions should
follow these procedures:

Contact the NASA/KSC/ELV Launch Services to determine availability
of a Delta launch of acceptable orbit parameters, of adequate mass
margin, and to be launched in a suitable time frame. Provide the
following information.

Brief description of the payload mission

Brief description of the science or application benefits to the U.S.
Government from the proposal

Mass and dimensions of payload

Requirement to separate from or stay with the Delta stage

For non-separating payloads, minimum acceptable duration of the
mission

For non-separating payloads, support required from the vehicle
during the mission (eg. TM, battery power, sequence commands)
Payload constraints (desired orbit, launch window, sun angles,
mounting orientation, etc.)

VVV VY

Y VvV

The information should be provided to NASA/KSC/ELV:

NASA KSC

ELV Launch Services

Mail Code: VB-B2

KSC, FL 32899

Attn: Darrell R. Foster

Phone: (407) 476-3622, or (407) 853-5761
Fax: (407) 853-4357

Email: darrell.foster-1@ksc.nasa.gov
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After establishing availability of a compatible launch opportunity,
submit the application form at the end of this section to

NASA Headquarters

Expendable Launch Vehicle Requirements Office
New Programs and Integration / Code SV
Washington, D.C. 20546

Fax: (202) 358-4163

The Office of Expendable Launch Vehicles will process the application
and seek a sponsor organization for the secondary payload from within
NASA. If a sponsor for the payload is obtained, NASA will fund all or part
of the cost of integration of the payload with the vehicle. To expedite the
SP project may want to seek NASA sponsorship prior / in parallel with
contacting KSC and HQ.

Overview of Secondary Payload Services and Constraints

Prior to application, the prospective SP project should review the following
services and constraints for compatibility with the proposed mission:

Constraints

The SP shall present no hazard, such as ordnance, radiation, or
contamination, to the primary payload.

Acceptance of the SP is subject to the approval of the primary
payload project manager.

Primary mission orbit requirements shall not be affected by SPs.

Approval of SPs will be considered only if sufficient performance
margin exists for the primary mission and could be withdrawn if the
margin is unexpectedly reduced.

The SP shall not impact the primary mission's ability to launch on
time.

The SP may not intrude on the primary payload clearance
envelope. Existing mounting hardware designs accommodate a
variety of sizes and shapes of SPs. However, in general, one
dimension of the SP must be less than 31 cm (12 in) for separable
SPs or 38 cm (15 in) for non-separating SPs. Envelopes are about
0.5in larger for NASA primary payload missions.
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SPs shall incorporate dedicated power, sequencing, and wiring
isolated from the primary payload. Support components may be
provided by the vehicle contractor, The Boeing Company
(Boeing)

New/revised structure to accommodate SPs shall be designed
to an ultimate factor of safety (f.s.) of 2.00 if not tested or 1.25 if
tested; to a yield f.s. of 1.65 if not tested or 1.10 if tested.

The support structure, clamp bands, and separation systems for
SPs will be provided by Boeing or be of proven design.

SP telemetry can be routed through the Delta Il antenna and
shall have separate verification.

Support from the second stage, such as power, pointing, or
separation command, is generally limited to a mission duration
of about one orbit revolution. SP power on and other vehicle
support is permitted after separation of the primary payload.
Details on limitations on mission duration are provided in
Section 2.1.

The SP must comply with range safety requirements as
described in Section 9.

Sevices

Spacecraft integration support is provided by KSC and Boeing.
The integration process normally begins about 2 years before
the scheduled opportunity. However, longer or shorter
schedules may be supportable is required. The process and
typical schedule of required documentation is shown in Section
8.

KSC and Boeing define flight and test environments during the
integration process. Typical levels are defined in Section 4.

A number of existing mounting hardware designs are available
and are described in Section 5. Variations from these existing
designs will generally increase the mission integration costs.
SP Projects are encouraged to use existing designs.
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Application for Launch as a Secondary Payload on Delta

Organization:
Address:

Contact:

Telephone:

Email:

Payload Name:
Estimated payload cost:

Payload Objective:

Support type:
O Self-sufficient attached O Attached with vehicle support
O Self-sufficient free-flyer O Requires free-flyer bus

Payload characteristics:
Mass (Ib / kg) Shape Maximum Dimensions (in/cm)
(Height; Length and Width or Diam.)

Unit 1
Unit 2
Unit 3

Range of acceptable orbit parameters:

Apogee altitude (km) to
Perigee altitude (km) to
Inclination (deg) to
Arg. Of Perigee (deg) to

Attached payload required mission duration (minutes/hours):

Unique payload constraints:

Range of acceptable launch dates:
Latest access to payload necessary:
Network/telemetry requirements:
Mail to: NASA Headquarters
Expendable Launch Vehicle Office / Code SV

Washington, D.C. 20546
Fax to: (202) 358-4163
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Section 1
The Delta Vehicle

1.1 DELTA LAUNCH VEHICLES

The Delta launch vehicle is currently being offered by The Boeing Company
(Boeing) in two models and with two and three stage configurations:

Delta 11 7320 (two-stage with 3 strap-on motors)
Delta Il 7920 (two-stage with 9 strap-on motors)
Delta 1l 7325 (three-stage with 3 strap-on motors)
Delta Il 7925 (three-stage with 9 strap-on motors)

The first digit of the four-digit system used to identify Delta configurations
identifies the booster as the Delta Il series, the second digit indicates the
number of Hercules graphite epoxy motors (GEMS) used for strap-ons, the third
digit identifies the second stage, and the fourth digit identifies a third stage.

1.2 VEHICLE CONFIGURATION

An expanded view of the vehicle is shown in Figure 1.2.

First Stage. The first stage of the 7000 series vehicle configuration uses the
Rocketdyne RS-27 engine with a 12:1 expansion ratio and the Hercules GEM
solid rocket strap-ons. The RS-27 is a single-start, liquid bipropellant rocket
engine with a thrust rating of 207,000 Ib (921 Kn) at sea level. Two vernier
engines provide roll control during main-engine burn, and attitude control after
cutoff and before second-stage separation. Thrust augmentation is provided by
three or nine solid propellant rocket motors. In the nine-solid case, six are ignited
at liftoff and the remaining three are ignited in flight.

Interstage. The Delta interstage assembly extends from the top of the first stage
to the second-stage miniskirt. It carries loads from the second stage, third stage,
spacecraft and fairing to the first stage, and contains an exhaust vent and six
spring-driven separation rods.

Second Stage. The second stage uses the restartable Aerojet AJ10-118K
engine with nitrogen tetroxide and Aerozine-50 storable propellants. Gaseous
helium is used for pressurization, and a nitrogen cold gas jet system provides
attitude control during coast periods and roll control during powered flight.
Hydraulically-activated actuators provide pitch and yaw control during powered
flight. The forward section of the second stage houses guidance and control
equipment that provides guidance sequencing and stability control signals for
both first and second stages. The Delta inertial guidance system (DIGS) is a
strap-down all inertial system consisting of a Delta redundant inertial
measurement system (DRIMS) and a guidance computer (GC). DRIMS data is
processed in the computer to obtain attitude reference and navigation
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information. The computer issues preprogrammed sequence commands and
provides control system stabilization logic for both powered and coast phases of
flight. The vehicle also contains a telemetry system and a range-safety tracking
system.

Third Stage. For missions requiring three stages, the third stage is the Star-48B
solid-rocket motor, which is supported at the base on a spin table that mates to
the top of the second-stage guidance section. The payload attach fitting (PAF) is
the structure that provides the transition from the top of the solid-rocket motor to
the spacecraft interface. Before third-stage deployment, the stage and
spacecraft are spun-up using spin rockets rotating the assembly on a spin
bearing. An ordnance sequencing system is used to release the third-
stage/spacecraft after spin-up, to ignite the Star-48B motor, and to separate the
spacecraft following motor burn. The stage also contains an S-band T/M system
and a nutation control system (NCS) to suppress coning.

Payload Fairing. The final vehicle element is the fairing, which shields the
payload from buffeting and aerodynamic heating while in the atmospheric phase
flight. Two fairings are typically flown, identified by overall diameter: 9.5-ft and

10-ft. Fairings are discussed in detail in Section 3.
1.3 VEHICLE AXES/ATTITUDE DEFINITIONS

The vehicle centerline is the longitudinal axis of the vehicle. Axes I, Il, lll, and IV
are defined as shown in Figure 1.3, with axis Il being the downrange side of the
vehicle and axis IV the up range side.

The vehicle pitch plane is defined by the vehicle centerline and axes Il and IV
(i.e., the vehicle pitches about the | and Il axes). Positive pitch rotates the nose
of the vehicle up, towards the IV axis.

The vehicle yaw plane is defined by the vehicle centerline and axes | and Ill (i.e.,

the vehicle yaws about the Il and IV axes). Positive yaw rotates the nose of the
vehicle to the right, towards the | axis.
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The vehicle rolls about the centerline, with positive roll being rotation in a
clockwise direction, looking forward from the aft end of the vehicle, (i.e.,
from axis | towards Il). The third-stage spintable also spins in the same
direction (i.e., the positive roll direction).

Attach Fitting

PAM
Stage Moter

N

\ PAM Spin Table
Guldance Elgctronics

Fairing

Helium Spheres

Wiring Tunnel Nitrogen Sphere

First Stage
Oxidizer Tank

7.8

( \%aa“—‘
Thrust Augmentation Solids

interstage

Fuel Tank
Centerbody Section

Conlcal Section

Fairing Access Door

Figure 1.2 Delta Il 7925 Vehicle
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Note: Arrow shows direction of
positive vehicle roll and
also third-stage spin-up
(if required)

Roli

Figure 1.3 Vehicle Axes
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Section 2
Performance

2.1 MISSION PROFILES

Mission profiles for both the two-stage and three-stage missions are shown in
Figure 2.1. In both cases, for the nine-solid configuration, the first stage RS-27
engine and six of the solid-rocket motor boosters are ignited on the ground at
liftoff. Following burnout of the six solids, the remaining three are ignited, and the
Six spent cases are then jettisoned about one second later, three at atime. The
remaining three solids are then jettisoned about one minute later. The main
engine then continues to burn until main engine cutoff (MECO).

Following a short coast period, the first- to second-stage separation bolts are
fractured, followed by second-stage ignition approximately five seconds later.
The next major event is the fairing separation, which occurs early in the second-
stage flight.

In the typical two-stage circular orbit mission (Figure 2.1), the second stage
burns for approximately 350-380 seconds, at which time stage two engine cutoff
(SECO 1) occurs. The vehicle then follows a Hohmann transfer trajectory to the
desired low Earth orbit altitude. Approximately 2900 seconds after SECO 1, the
second stage is re-ignited and completes its burn placing the payload in the
desired circular orbit. Following SECO 2, the second stage is reoriented to the
desired separation attitude. Spacecraft separation is approximately 250 seconds
after SECO 2.

1 _secot
| MECO.

Spacecraft
Separation

Typical Two-Stage Mission Profile Typical Three-Stage Mission Profile

Figure 2.1 Mission Profiles
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The second stage then performs an evasive maneuver, which is a short burn to
increase distance from the spacecraft. Typically at least 15 minutes later, a final
burn depletes propellants to avoid their possible long-term interaction, which
could result in a spontaneous explosion of the stage and orbital debris.

A free-flying secondary payload is typically separated from the second stage
after completion of the primary mission, the evasive burn and before the
depletion burn, which must be performed prior to 7,000 seconds with the
standard thermal control system. An attached secondary payload requiring
second stage support (pointing, power, telemetry, etc.) is limited in mission
duration by the life of the stage batteries and control gas. Total second stage
operational capability is limited to about 9,000 seconds from liftoff. Vehicle
telemetry, but not control, can be extended to about 30,000 seconds as a
maximum with an easy modification. The second stage evasive and depletion
burns may be employed to transfer the secondary payload into its desired orbit.
The extent of the orbit change achievable via these burns is dependent on the
primary payload performance margin. Orbit errors resulting in the use of these
burns are typically greater than errors in a primary payload orbit. If control gas
margin is available, the second stage could perform a roll-up maneuver to
provide attitude stability for a limited time after the depletion burn.

The typical three-stage mission (Figure 2.1), uses the first burn of the second
stage to place the payload into a 100 nmi (185 km) parking orbit at SECO 1. The
vehicle then coasts to a pre-determined position, at which time the second stage
restart burn occurs. The third stage is then spun-up, the second stage and
spintable separated from the stack, and the third stage burned to establish the
transfer or final orbit. Depending on mission requirements and payload mass,
some inclination can be removed via the burn sequence out of the Earth parking
orbit. The second stage orbit resulting from the restart burn is typically a fairly
low eccentric orbit, with apogee depending on the length of the burn required for
the primary mission. A depletion burn is performed after separation of the
primary payload.

In summary, separating SPs will be separated after completion of the primary
mission and prior to 7000 seconds. Attached SP operation will generally be
limited to the period between completion of the primary mission and 9000 unless
the payload can function beyond these limits with limited vehicle support
(telemetry only).
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2.2 PERFORMANCE CAPABILITY

The NASA/KSC/ELV Project maintains a database of primary mission
performance requirements and margins. Availability of launch opportunities with
sufficient margin are determined from this database and provided to payload
projects and NASA Headquarters in support of secondary payload applications
for launch.

2.3 ORBIT ACCURACY

The Delta Inertial Guidance Systems (DIGS) is mounted in the second-stage
guidance compartment. This system provides precise attitude pointing and
injection altitude accuracy for both two- and three-stage missions.

The typical two-stage mission is flown to a low-altitude circular orbit using a
Hohmann-transfer mode between second-stage burns, i.e., the second stage is
restarted after a coast period to circularize the orbit. In these cases the accuracy
achieved by the DIGS is precise. Typical three-sigma dispersion values are less
than 5 nmi (9 km) in apogee or perigee, about 2 nmi (4 km) in semi-major axis,
and less than + 0.04 deg in orbit inclination for a nominally circular orbit.

On a three-stage mission, although the parking-orbit parameters achieved are
quite accurate, the final orbit is primarily affected by the third stage pointing error
and the impulse error from the spin-stabilized third-stage solid motor burn.

In either case, the depletion burn of the second stage produces a sizable
dispersion in orbit elements because of the uncertainty as to the amount of
reserve propellants remaining after elimination of normal vehicle variations during
powered flight. For missions without SPs, the depletion burn is designed to
preclude re-entry of the stage, and velocity is expended primarily in corss-track
with a change in inclination of one or two degrees. A typical 3-sigma uncertainty
for the second stage orbit after the depletion burn is highly dependent on the
launch vehicle performance margin including the SP(s) mass(es). Performing
the depletion burn before the SP operation may provide additional time for
second stage support of the SP operation.
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Section 3
Fairings

3.1 THE 9.5-FT (2.9 M) DIAMETER SPACECRAFT FAIRING

The spacecratft is protected by a fairing which shields it from buffeting and
aerodynamic heating while in the lower atmosphere. The fairing is jettisoned
during second-stage powered flight at an altitude of at least 67 nmi (125 km).

The 114-in. (2896 mm) Delta fairing (Figure 3.1) is 334.2-in. (8488 mm) long and
varies in diameter from 96 in. (2438 mm) at the base to 114 in. (2896 mm) at the
widest portion. The fairing is an all-aluminum structure fabricated in two half-
shells. These shells consist of a hemispherical nose cap with a biconic section
tapering from the nose cap to a 114-in. (2896 mm) diameter. The biconic section
is a ring-stiffened monocoque structure; one-half of which is fiberglass with a
removable aluminum foil lining. The cylindrical base section is an integrally
stiffened isogrid structure at the 96-in. (2438 mm) diameter section while the 114-
in. (2896 mm) diameter cylindrical center section is skin and stringer
construction.

Acoustic absorption blankets are provided within the faring interior from the nose
cap to approximately Station 491. These blankets vary in thickness: 1.5 in. (38.1
mm) in the nose section, 3.0 in. (76.2 mm) in the 114-in. (2896 mm) diameter
section, and 1.5 in. (38.1 mm) in the upper portion of the 96 in. (2438 mm)
diameter section. The acoustic blankets consist of a 1.5 in. (38.1 mm) to 3.0 in.
(76.2 mm) thick silicone-bonded heat-treated glass-fiber batt enclosed between
two 0.003 in. (0.076 mm) conductive teflon-impregnated fiberglass face sheets
and are heat-seal bonded. The blankets are vented through a 5 micron stainless
steel mesh filter, which controls particulate contamination. Outgassing of the
acoustic blankets meets the criteria of 1.0% maximum total weight loss and
0.10% maximum volitile condensable materials. Acoustic blankets are not
installed in the SP region. Environments and envelopes for SPs are given for
this condition.

The half-shells are joined by a contamination-free linear piston/cylinder thrusting
separation system that runs longitudinally the full length of the fairing.
Functionally redundant explosive bolt assemblies provide the structural continuity
at the base ring of the fairing.

The fairing half-shells are jettisoned by actuation of the base and transition
separation bolts, and by the detonating fuse in the thrusting joint cylinder rail
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cavity. Gas pressure generated by the detonating-fuse shears the attach rivets
and thrusts the half-shells laterally to attain immediate spacecraft and vehicle
clearance. A bellows assembly, within each cylinder rail, retains the detonating-
fuse gases to prevent any contamination of the spacecraft during the fairing
separation event.

Contamination of the spacecraft is minimized by frequent cleaning of the fairing
surfaces during various stages of the manufacturing process. The surfaces are
vacuumed and brushed until all particles visible to the naked eye are removed.
All faying surfaces in the cylindrical and conical sections are sealed to entrap any
remaining contamination lodged between them. Capped nut plates are used on
all removable fasteners to prevent contamination of the spacecraft during the
fairing installation tasks.

An air-conditioning inlet umbilical door on the fairing provides a controlled
environment to the spacecraft and launch vehicle second stage while on the
launch stand. A maximum air flow of 1500 ft* (42.5 m®) / min meets spacecraft
specific temperature requirements within the range of 60 to 80°F (15.5 to 32.2°C)
while holding the relative humidity to a maximum of 50%. The air conditioning
capability is identical on all three fairing designs.

3.2 THE 10-FT (3.0 M) DIAMETER SPACECRAFT FAIRING

The 10-ft (3.0 m) diameter fairing (Figure 3.2) is available for primary spacecraft
requiring a larger spacecraft envelope. This fairing (Figure 3.2) is 312.0 in.
(7924.8 mm) long and varies in diameter from 96 in. (2438.3 mm) at the base to
120.3 in. (3055.6 mm) at the widest portion. The fairing separates into trisectors.
It is an all-aluminum structure with the exception of a fiberglass RF window in
one of the trisectors.

The conic section is a ring-stiffened semi-monocoque structure, of which one
trisector is fiberglass with a removable aluminum foil lining. The 120.3 in (3055.6
mm) diameter cylindrical section is of skin and stringer construction, while the
96.0 in. (2438.4 mm) diameter cylindrical section at the base is an integrally
stiffened isogrid structure. The base section conical adapter is a ring-stiffened
semi-monocoque structure with an outer aerodynamic skirt extension of skin and
stringer construction.

Acoustic absorption blankets are provided within the fairing interior from Station
337 to approximately Station 481. These blankets are 1.5 in. (38.1 mm) thick
and are constructed of silicone-bonded heat-treated glass-fiber batt enclosed
between two 0.003 in. (0.076 mm) conductive teflon-impregnated fiberglass face
sheets. The blankets are vented through a 5 micron stainless steel mesh filter,
which controls particulate contamination. Outgassing of the acoustic blankets
meets the criteria of 1.0% maximum total weight loss and a 0.10% maximum
volatile condensable material.
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The trisectors are joined by a contamination-free linear piston / cylinder thrusting
separation system that runs longitudinally the full length of the fairing.
Functionally redundant explosive bolt assemblies provide the structural continuity
at the base of the fairing.

The fairing trisectors are jettisoned by actuation of the separation nuts and by the
detonating fuse in the thrusting joint cylinder rail cavity. Gas pressure generated
by the detonating fuse shears the attach rivets and thrusts the trisectors laterally
to attain immediate spacecraft and vehicle clearance. A bellows assembly,
within each cylinder rail, retains the detonating-fuse gases to prevent any
contamination of the spacecraft during fairing separation.

Contamination of the spacecraft is minimized by frequent cleaning of the fairing
surfaces during various stages of the manufacturing process. The surfaces are
vacuumed and brushed until all particles visible to the naked eye are removed.
All faying surfaces in the cylindrical and conical sections are sealed to entrap any
remaining contamination lodged between them. Capped nut plates are used on
all removable fasteners to prevent contamination of the spacecraft during the
fairing installation tasks.

3.3 THE PRIMARY SPACECRAFT ENVELOPE

The allowable static spacecraft envelopes within the confines of the fairing are
shown in Figures 3.1 through 3.3 for the primary spacecraft. These figures
reflect envelopes for several existing attach fittings. Usable envelopes below the
separation plane must be coordinated with the Delta Program Office. Local
protuberances outside these envelopes are possible with coordination and
approval.

SPs are typically mounted in the space between the second stage and the
fairing, near the base of the fairing and above the support truss which attaches
the fairing to the second stage. Secondary payload envelopes thus depend on
the particular primary payload attach structure design, the fairing diameter, and
the number of stages. These are defined in Section 5, where the various attach
structures are described.

While the 10-foot diameter fairing provides a larger SP envelope in some areas,

other areas have reduced dimensions due to primary structure at the transition
joints.
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Section 4
Spacecraft Environments

4.1 PRELAUNCH ENVIRONMENTS
4.1.1 Spacecraft Air Conditioning

The environment to which the spacecraft is exposed throughout processing is
carefully controlled for temperature, relative humidity, and filtration. This includes
processing before mounting on the Delta Il in the mobile service tower (MST)
white room and the environment the spacecraft is exposed to once encapsulated
inside the fairing.

Spacecratft air conditioning is supplied via an umbilical after the spacecraft and
fairing are mated to the Delta Il. The spacecraft air-distribution system provides
air to the spacecraft at the required temperature, dew point, and flow rate. An
air-conditioning inlet umbilical door on the fairing provides a controlled
environment to the spacecraft and launch vehicle second stage while on the
launch stand. A maximum air flow of 1500 ft3 (42.5 m3) / min meets spacecraft
specific temperature requirements within the range of 60 to 80°F (15.5 to 32.2°C)
while holding the relative humidity to a maximum of 50%. The spacecraft air-
distribution system utilizes a diffuser system at the inlet of the air-conditioning
duct at the fairing interface. The air-conditioning umbilical is ejected at liftoff via
lanyard disconnects and the access door on the fairing automatically closes. The
air supplied to the payload, at mission specific flow rates, is directed by the
diffuser to flow downward and encompass the primary spacecraft, and then is
vented to the atmosphere at the second stage. Flow rate, temperature, and
humidity are specified by the primary spacecraft.

Environmental control specifications for the Eastern Range (ER) are listed in
Table 4.1.1. Specifications for SLC-2W at VAFB are similar to those at LC17.

4.1.2 MST Tower Cleanroom

The Delta MST has provisions for clean spacecraft processing. The cleanroom
in an environmentally-controlled room located at the upper levels within the MST.
The cleanroom has facilities for positioning up to six separate retractable working
platforms (levels) at various heights. The temperature in the cleanroom is
variable from 65 to 75°F (18.2 to 23.8°C). The relative humidity is variable from
40 to 50%. The MST on launch pad 17A and the gantry at SLC-2W at VAFB are
similar to 17B.
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Location Temperature Relative humidity Filtration
Building AE Cleanroom complex 72 + 3°F (22.2 + 1.76°C) 55 + 5% Class 10,000*
Building AM High bay areas 75+ 5°F (24 + 2.8°C) 45 + 5% Commercial standard **
Cleanroom complex 75 + 5°F (24 + 2.8°C) 40% max Class 10,000
(Room 117A)
Building AO High bay area and airlock 75+ 3°F (24 + 1.7°C) 50 + 5% Class 100,000
System test areas (Room 75+ 3°F (24 + 1.7°C) 50 + 5% Class 100 Horizontal
202) Laminar flow enclosure
Handling cans Mobile Not controlled Not controlled*** Not controlled
MST LC-17A and LC-17B white | 75 + 5°F (24 + 2.8°C) 45 + 5% 99.97% of all particles
Room (all doors closed) over 0.3nm
Fairing Any specified between 60 and 50% max **** 99.97% of all particles
80 + 5°F over 0.3mm
(15.5 and 32.2 + 2.8°C)
SAEF 2 Airlock 71 + 6°F (21.7F (21.7 + 3.3°C) 50% max Class 100,000
High bay 71 + 6°F (21.7F (21.7 + 3.3°C) 50% max Class 100,000
Low bays 71 + 6°F (21.7F (21.7 + 3.3°C) 50% max Class 100,000
Test cells 71 + 6°F (21.7F (21.7 + 3.3°C) 50% max Class 100,000
Cargo hazardous Airlock 70 +5°F (21 + 2.8°C) 30 to 50% Class 100,000
Processing facility Hazardous operations bay | 70 + 5°F (21 + 2.8°C) 30 to 50% Class 100,000
*Class 1,000 obtainable with restrictions Note: The facilities listed can only lower the outside humidity level. The facilities do not
**Class 100,000 obtainable with restrictions have the capability to raise outside humidity levels
***Dry gaseous nitrogen purge available if

required
****50% relative humidity can be maintained at a temperature of 16.7°C (62°F). At higher temperatures, the relative humidity can be reduced
by drying the conditioned air to a minimum specific humidity of 40 grains of moisture per 0.45 kg (1 |b) of dry air.

Table 4.1.1 Environmental control specifications for the Eastern Range (ER)
4.1.3 Radiation and Electromagnetic Environments

The Delta Il transmits on several frequencies to provide launch vehicle T/M and
beacon signals to the appropriate range tracking stations. The Delta Il also has
uplink capability for command destruct receivers (CDR). The Delta Il has three
S-band T/M systems (one on each stage); three CDR systems, one on the first
stage and two on the second stage; and a C-band transponder (beacon) on the
second stage. Delta Il RF systems are switched to internal power a few minutes
before launch and remain on until battery depletion, except for the CDR system,
which is commanded off in-flight.

On all three-stage missions, the upper stage incorporates a T/M package that
may include an optional tracking beacon. In addition to the Delta Il launch
vehicle upper-stage instrumentation, the spacecraft usually incorporates special
instrumentation to monitor spacecratft flight data on a spacecraft T/M channel,
and downlinks this data to the appropriate range tracking station. The following
paragraphs describe the T/M characteristics of each stage, the command
destruct characteristics on the first and second stages, the second-stage C-band
transponder characteristics, and upper-stage T/M instrumentation.
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4.1.3.1 Launch Complex-17 Electromagnetic Environments

LC-17 electromagnetic environments are as follows:

10 kHz - 5.762 GHz 5V/m
5.762 GHz -5.768 GHz 40 V/m
5.768 GHz - 40 GHz 5V/m

For radars under their control, the Western Range (WR) has techniques to
control the SLC-2W pad environments to less than 5 V/m. As a minimum, the SP
should run a radiated susceptibility test to insure survival at the above levels.
Additionally, the SP must run a radiated emissions test per Figures 6-12 and 6-
13 of MIL-STD-461C, RE-02.

4.1.3.2 Delta ll First-Stage T/M Characteristics. Delta Il first-stage T/M
radiation characteristics are listed in Table 4.1.3. Radiation is continuous starting
prior to launch and through first/second-stage separation.

4.1.3.3 Delta Il Second-Stage T/M Characteristics. Delta Il second-stage T/M
radiation characteristics are listed in Table 4.1.3. Radiation is continuous starting
prior to launch and through second/upper-stage separation and battery depletion.

4.1.3.4 Delta Il Upper-Stage T/M Characteristics. Delta Il upper-stage T/M
radiation characteristics are listed in Table 4.1.3. Radiation is continuous from
approximately 4 min prior to launch through loss of battery power. The RF-link
utilizes a fairing-mounted antenna system prior to fairing jettison, and an upper-
stage antenna system after fairing jettison.

4.1.3.5 Delta Il First-Stage Command Destruct. Delta Il first-stage CDR
characteristics are listed in Table 4.1.3. For launch, the system is armed
approximately 3 minutes prior to launch. Command destruct capability is
maintained until 60 seconds after Delta Il SECO 1.

4.1.3.6 Delta Il Second-Stage Command Destruct. Delta Il second-stage CDR
characteristics (Table 4.1.3) are the same as those of the first stage.

4.1.3.7 Delta Il Second-Stage C-Band Transponder. Delta Il second-stage C-
band beacon radiation characteristics are listed in Table 4.1.3. The tracking
transponder is activated in terminal countdown and remains on throughout the
flight.

4.1.3.8 Upper-Stage T/M Instrumentation. On all Delta Il missions, a T/M
system is installed on the upper stage to obtain performance data such as motor
chamber pressure, acceleration, and battery voltage. Other spacecraft launch
environment data such as low - and high-frequency vibration, acceleration
transients, shock, velocity increments, indications of spacecraft separation, and
temperature may also be obtained. The T/M transmitter operates at 2252.5 MHz
with an output power ranging from 5 to 8 W. Modulation is FM/FM with standard

IRIG subcarriers.
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First-Stage T/M Radiation Characteristics Second-Stage T/M Radiation Characteristics

B Transmitter B Transmitter
® Nominal frequency 22445 MHz ® Nominal frequency 2241.5 MHz
® Power output 2.0 watts min ® Power output 2.0 watts min
4.0 watts max 4.0 watts max
® Modulation + 550 kHz at 3 Db ® Modulation + 550 kHz at 3 Db
Bandwidth 1080 KHz at 60 Db Bandwidth 1080 KHz at 60 Db
@ Stability + 67 kHz max @ Stability + 67 kHz max
B Antenna B Antenna
® Type Cavity-backed slot ® Type Cavity-backed slot
® Polarization Essentially linear parallel to booster ® Polarization Essentially linear parallel to booster
roll axis roll axis
® |ocation 354 deg (looking aft) - Sta 1082 ® Location 338 deg (looking aft) - Sta 559
174 deg (looking aft) - Sta 1082 151 deg (looking aft) - Sta 559
® Pattern Nearly omnidirectional ® Pattern Nearly omnidirectional
® Gain -2 dB min ® Gain -2 dB min

Upper-Stage T/M Radiation Characteristics

B Transmitter
® Nominal frequency 2252.5 MHz
® Power output 5.0 watts min
8.0 watts max
® Modulation + 140 kHz at 3 Db
Bandwidth 250 KHz at 60 Db
® Stability + 67 kHz max
B Antenna
® Type Circumferential belt
® Polarization Essentially linear parallel to booster
roll axis
® [ocation Belt at Sta 438
® Pattern Nearly omnidirectional
® Gain -2 dB min
Second-Stage C-Band Beacon Radiation Characteristics Command Destruct Receiver Radiation Characteristics
B Transmitter B Receiver
® Nominal frequency 5765 MHz (transmit) ® Nominal frequency 416.5 MHz
5690 MHz (receive)
® Power output 440 watts min B Antenna
1000 watts max
® Modulation 6 MHz at 6 Db ® Type Cavity-backed slot
Bandwidth ® Polarization Essentially linear parallel to booster
roll axis
@ Stability 3 MHz max ® Location 167 deg (looking aft) - Sta 559
347 deg (looking aft) - Sta 559
45 deg (looking aft) - Sta 695
225 deg (looking aft) - Sta 695
H Antenna ® Pattern Nearly omnidirectional
® Type Transverse slot. Dipole loaded ® Gain 4.6 dB min
® Polarization Left hand circular
® Location 153 deg (looking aft) - Sta 559
® Pattern Nearly omnidirectional
® Gain +6 dB max

Table 4.1.3 Radiation Characteristics
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4.1.4 Electrostatic Potential

The spacecraft must be equipped with an accessible ground attachment point to
which a conventional alligator-clip ground strap can be attached. The
vehicle/spacecraft interface provides the conductive path for grounding the
spacecraft to the launch vehicle. Therefore, no dielectric coating is applied to the
spacecraft interface. The electrical resistance of the spacecraft to vehicle
interface surfaces must be 0.0025 ohms or less and is verified during spacecraft
mate. (Reference MIL-B-5087B, Class R.)

4.1.5 Contamination and Cleanliness

The cleanliness conditions provided for the Delta Il payloads represent minimum
cleanliness conditions available. The following guidelines and practices from
prelaunch through spacecraft separation, provide minimum Class 100,000
cleanliness (per Federal Standard 209B).

A. Precautions are taken during manufacture, assembly, test, and shipment to
prevent contaminate accumulations in the Delta Il upper-stage area, fairing,
and PAF.

B. The encapsulation process is performed in a facility that is environmentally
controlled to Class 100,000 conditions. All handling equipment is cleanroom-
compatible and is cleaned and inspected before entering the facility. These
environmentally controlled conditions are available for all remote
encapsulation facilities and include Launch Complex (LC-17).

C. The nose fairing is cleaned using alcohol and then inspected for cleanliness
prior to spacecraft encapsulation.

D. Personnel and operational controls are employed during spacecraft
encapsulation to maintain spacecratft cleanliness.

For three-stage missions, contamination from spin rocket and Star 48 motor
exhaust may be a concern. An optional plume shield, mounted on the second
stage between the SP and the rockets, is available.

4.1.7 Winds Aloft Constraints

Measurements of winds aloft are taken at the space launch complex. The Delta
Il controls and loads constraints for winds aloft are evaluated on launch day by
conducting a trajectory analysis using the measured wind. A curvefit to the wind
data provides load relief in the trajectory analyses. The curvefit and other load
relief parameters are used to reset the mission constants just prior to launch.
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4.1.8 Lightning Activity

The following are procedures for test status during lightning activity:

A. Evacuation of the MST and fixed umbilical tower (FUT) is accomplished at the
direction of the Test Conductor (TC) (Reference: Delta Launch Complex
Safety Plan).

B. First - and second-stage instrumentation may be operated during an electrical
storm.

C. If other vehicle electrical systems are powered when an electrical storm
electro-explosive device (EED) circuits are electrically connected in the
launch configurations, the GC must be turned off.

D. If an electrical storm passes through after a simulated flight test, all electrical
systems are turned on in a quiescent state, and all data sources are
evaluated for evidence of damage. This turn-on is done remotely (pad clear)
if any category "A" ordnance circuits are connected for flight. Circuits are
disconnected and safed prior to turn-on with personnel exposed to the
vehicle.

E. If data from the quiescent turn-on reveals equipment discrepancies, which
can be attributed to the electrical storm, a flight program requalification test
must be run subsequent to the storm and prior to a launch attempt.

F. During terminal countdown, the launch director is responsible for initiating and
ending an alert. Upon initiation of the alert, the GC is turned off. When the
alert is lifted, the GC is turned on and memory verified.

4.2 LAUNCH AND FLIGHT ENVIRONMENTS
4.2.1 Fairing Internal Pressure Environment

As the Delta vehicle ascends through the atmosphere, venting of the fairing is
provided by a 10 inz (64.5 cm?2) vent opening in the interstage and by other leak
paths in the vehicle. The resulting internal pressure limits are presented in
Figure 4.2.1 for the Delta 9.5-ft (2.9m) fairing. SPs are required to perform a
venting analysis to demonstrate capability of surviving vehicle ascent.

4.2.2 Thermal Environment

During launch, the fairing and third stage contribute to the overall radiant heat
input to the SP.

4.2.2.1 9.5ft Fairing. The thermal environment of the 9.5 foot fairing internal
surfaces facing the spacecraft, unless modified by mission-specific requirements,
is shown in Figure 4.2.2.1. These temperatures are based on typical depressed
versions of the trajectory.

Fairing jettison will normally occur sometime after the theoretical free molecular

heating for a flat plate normal to the free stream drops below 0.1 Bty.ft>-sec
(1135 W/m?2) based on the 1962 US Standard Atmosphere.
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4.2.2.2 Upper-Stage Motor and Spin Rockets. For a three-stage mission the
SP is exposed to plume heating from the spin rocket and third stage motor
exhaust. This heat flux is a short duration pulse. An optional plume shield, using
one of two existing designs, is available if required.

4.2.3 Flight Dynamic Environment

4.2.3.1 Maximum SP Steady-State Acceleration. Acceleration is a function of
second stage payload (SP, primary payload, and upper stage) mass. For the
Delta 7920 vehicle, the maximum axial acceleration typically occurs at the end of
the first-stage burn.

4.2.3.2 Vibration Environment. The three vibration environments of concern to
the user are sinusoidal, random, and acoustic. Each environment is discussed
below.

Sinusoidal Vibration. The maximum expected sinusoidal vibration flight levels
for the 7920/7925 vehicles are shown in Table 4.2.3.2. The flight level inputs
account for vehicle mode shapes and changes expected from varying spacecraft
dynamics. These inputs are defined at the interface between the longeron
mounting brackets and the guidance section skin. The sinusoidal vibration levels
cover transient and sinusoidal conditions that occur during flight.

Oscillations and Random Vibration. The SP random vibration environment is
created by the acoustic noise generated at liftoff and during transonic flight. The
random vibration interface levels of Figure 4.2.3.2a and 4.2.3.2b are
representative of random vibration levels for separating and non-separating SPs,
respectively.

4.2.3.3 Acoustic Environment. The highest acoustic environment occurs at
liftoff and during transonic flight.

The SP acoustic environment for the 9.5-foot fairing is shown in Figure 4.2.3.3.
The environment for the 10-foot fairing is slightly lower.

4.2.3.4 Shock Environment. Maximum shock response for separating SPs
occurs during spacecraft/Delta separation. Delta vehicle-induced high-frequency
transients during fairing separation and second-stage separation are the
dominant shock environments for non-separating SPs.

For separating SPs the PAF uses a v-block clamp separation system.
Separation is achieved by cutting the two bolts that hold the v-block clamp
assembly together. The maximum anticipated spacecraft separation shock
spectrum is presented in Figure 4.2.3.4a. This criterion represents the shock
level at the spacecraft/PAF separation plane. Typical of this type of shock, the
shock level dissipates rapidly with distance and the number of joints between the
explosive cutter and the point of measurement. These levels are dependent on
interface geometry and preloads. Specific interface shock levels are derived for
each spacecraft when the interface configuration is defined.
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Figure 4.2.1 9.5-Foot (2.9 m) Fairing Internal
Pressure Limits
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Figure 4.2.2.1 9.5-Foot Fairing Aft Cylinder Internal Wall Temperature and Emittance
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f

MAXIMUM FLIGHT LEVEL

PROTOFLIGHT TEST LEVEL

~

Level G(o-p)

Frequency (Hz) Level (Go-p) Frequency (Hz) (Max Flight + 3 dB)
Thrust Axis (Delta Vehicle) 1 Thrust Axis (Delta Vehicle)
5-6.2 0.5inch D. A. 5-74 0.5inch D. A.
6.2-100 1.0 7.4-100 1.4
Radial and Tangential Axes Radial and Tangential Axes
(Delta Vehicle) (Delta Vehicle)
5-100 0.7 5-6.2 0.5inch D. A.
6.2-100 1.0

\ Sweep Rate = 4 Octaves/Minute

Sweep Rate = 4 Octaves/Minute

/

D. A. = Double Amplitude

Table 4.2.3.2 Sinusoidal Vibration Levels

